Purpose: Footedness as a predictor of brain hemispheric dominance cause performance differences in movement and sports performance. This study aimed to investigate the 30 m sprint speed difference between unilateral and bilateral foot dominance in 156 male and 37 female athletes.
Introduction
Sprinting performance can be evaluated as a function of the propulsive forces generated by the left and right sides of the body. Although similar contributions to propulsion might be anticipated from both body sides, a number of studies have shown differences in technique coordination and propulsive forces between left and right sides. Large strength imbalances on foot dominance were observed in both sedentary and exercise-trained individuals (Ziyagil, Gursoy, Dane & Yuksel, 2010; McGrath, Waddington, Scarvell, Ball, Creer, Woods & Smith, 2016; Brown, Feldman, Cross, Helms, Marrier, Samozino, & Morin, 2017) . These asymmetries may be a risk for injury and decrease physical or sporting performance level (McGrath et al., 2016; Brown et al., 2017) .
Researchers showed that hand preference is under more cultural pressure than foot preference; thus, foot dominance is more neutral and useful than hand dominance in exploring specific dimensions of neuropsychological function in children (Searleman, 1980; Chapman, Chapman, & Allen, 1987; Peters, 1990; Gabbard, 1993) .
Although sprinting occurs in a linear direction, displacement of the body during running is due to the resultant forces produced by the back and forth movements of right and left arms plus the pushing force of the right and left legs. To investigate the handedness and footedness relations to differences in sprinting speed (Ziyagil, 2011 ). Ziyagil (2011 stated that right-handed participants had significantly higher mean running speeds than left-handers, whereas no significant difference was observed between the mean values of right-and left-footed participants. Sprint speed was depending on the number of sprints and handedness, but not footedness. Obviously, the right-handed prepubertal wrestlers had a significant advantage for short sprint speed in comparison to the left-handers. It may be considered that left brain hemisphere dominance in right-handers is related to sprinting ability and may contribute to better acceleration during multiple sprints, creating fast movements advantageous for right-handers (Ziyagil, 2011) . On the other hand, Singh (1970) studied the leg strength in a pushing activity and found that the right-leg strength of right-handed subjects was not different than their left legs, but showed that left-handed subjects had stronger left legs than right (Singh, 1970) .
Footedness as a predictor of brain hemispheric dominance causes performance differences in movement and sports performance (Ziyagil, 2011; Eikenberry, McAuliffe, Welsh, Zerpa, McPherson, & Newhouse, 2008; Arevalo, Lynn, Bagley, Brown, Costa, & Galpın, 2018) . Obviously, it may leads to performance differences in arms of athletes depending on strength differences between right and left legs. On the other side, handedness and footedness related sport performance differences was reported not only in sprint running but also swimming among left and right handers (Ziyagil et al., 2010; Ziyagil, 2011; Gursoy, 2008; Santos, Dos Pereira, Papoti, Bento, Rodacki, & Dos Santos, 2013; Sevimli, 2016) .
In addition, Santos et al. (2013) reported that elite front crawl swimmers are more symmetrical than their sub-elite counterparts. It means that the elite swimmers present more similar propulsive forces between body sides when compared to their sub-elite counterparts (Santos et al., 2013) . It was also concluded that hand grip strength symmetry in swimmers can result in better short distance swimming performance due to resultant force effect on technique (Sevimli, 2016) .
Strength training and daily usage of legs can cause imbalance between right and left legs and lead to injury during training and competition. To reduce the imbalance between two legs is one of the most important training targets for coaches and physical educators. In a recent case study reported that a strength training program specifically designed to reduce limb difference improved sprinting speed (Brown et al., 2017) . Generally, the right and left leg usage are accepted for the determination of leg dominance. Clearly, right and left leg dominance shows the performance of only one leg. For this reason, it was accepted using one of the legs as unilateral footed and using both legs equally as bilateral footed. We hypothesized whether sprint speed changes between unilateral and bilateral foot dominance because the asymmetries in lower limbs may result in decreasing sprinting performance depending on foot preferences.
Generally, the winner athlete in 100 m race had a the highest acceleration among other competitors because he or she attained his /her top speed in very short time and keep this running speed until the end of the race (Chapman & Fraser, 2018) . As in this study, the 30 m sprint distance determines positive acceleration of athletes and is basic component of sprint performance. Thus, this study aimed to investigate the sprint speed difference between unilateral and bilateral foot dominance in male and female athletes.
Material and Method

Participants
Data were collected from 156 male and 37 females participating in the entrance examination for schools of physical education and sports in Yüzüncü Yıl University in the year of 2015. During the exam, the participants were assumed to be highly motivated because they were competing to perform best.
Data Collection
On the acrylic ground, participants started each sprint from a standing position with one foot on the start line when he or she felt himself or herself ready without external signal or verbal command. Two runs were completed at maximum speed over 30 m distance. The starting and finishing points were determined by two photocells placed 1 m above the ground level. The watch was started at first step and stopped when the subject passed the second photocell. The mean running speed was calculated by dividing running distance by running time (m/sec).
Foot preference was determined by kicking a soccer ball (Nyland, Caborn, Shapiro & Johnson, 1999) . Studies determining leg preference have utilized sport-specific tasks appearing on previous inventories such as kicking a ball.
The participants were asked whether they could kick the ball "with right foot" or "with left foot" or "two foot". The participants with right and left foot dominance were accepted as "unilateral footed" while participants kicking commonly the ball with two foot were recognized as "bilateral footed".
Data Analysis
All descriptive data was presented as mean, standard deviation, minimum and maximum. The assumption of normality was verified by using Kolmogorov-Smirnov tests (p<0.01). Mann Whitney U tests were used for testing differences between two groups.
Results
Distribution of unilateral and bilateral footed participants in male and females was presented in Table 1 * There was a significant difference between two groups at .05 confidence level.
M=Mean, SD=Standard deviation of the means. * There was a significant difference between two groups at .05 confidence level.
M=Mean, SD=Standard deviation of the means.
Graph 2. Comparison of mean sprint spped between unilateral and bilateral footed athletes in males and females during first and second trials of 30 m sprint run
Discussion
Footedness as a predictor of brain hemispheric dominance can cause performance differences in sprinting and sports performance. The asymmetries in upper and lower limbs may result in decreasing speed during sprint running performance by the differences in strength, flexibility and posture depending on hand preferences (Chapman & Fraser, 2018) . Thus, this study aimed to investigate the sprint speed difference between unilateral and bilateral foot dominance in male and female athletes.
Acceleration during sprinting requires maximal force from the extensor muscles of the hip, knee, and ankle in the right 
Unilateral
Bilateral and left legs. In addition, acceleration of the arms enhances acceleration by increasing the ground reaction force. Maximal running speed cannot be sustained for much longer than 4 s due to limited the rate of chemical energy supply. Success in running depends largely on muscular capabilities, although body shape and proportion cannot be ignored (Chapman & Fraser, 2018) .
The results of this study showed that no significant difference was observed between unilateral and bilateral footers in the view of physical characteristics in male and females. There was only significant difference in the second attempt of 30 meters sprints between physically similar two groups in males. In the first 30 m sprint, males' mean sprint speed was 6.88 m/sec for unilateral footed and 6.95 m/sec for bilateral footed participants. Bilateral footed males were 1.02% faster than unilateral footers. However, this difference was statistically insignificant. In the second 30 m sprint, males' mean sprint speed was 6.93 m/sec for unilateral footed and 7.93 m/sec for bilateral footed participants. Bilateral footed males were 2.81% faster than unilateral footers. Clearly this difference was statistically significant at 0.05 levels (Graph 2).
On the other hand, mean sprint speed was 5.59 m/sec for unilateral footed and 6.35 m/sec for bilateral footed female participants in the first 30 m sprint. Bilateral footed females were 11.97% faster than unilateral footers. However, this difference was statistically insignificant. In the second 30 m sprint, females' mean sprint speed was 5.67 m/sec for unilateral footed and 6.33 m/sec for bilateral footed participants. Bilateral footed females were 10.43% faster than unilateral footers. However, this difference was not statistically significant (Graph 2).
In contrast to males, there was a greater sprint speed difference between unilateral and bilateral foot dominance participants in females. These insignificant differences in the sprinting speed of females may be partly due to lower number of bilateral athletes in our study. The superiority of the bilateral footed athletes is due to the symmetrical power production of right and left legs in the linear direction during sprinting.
A number of studies have shown that similar contributions to propulsion might be anticipated from both legs. However, there may be differences in technique coordination and propulsive forces between left and right legs during sprinting. Large strength imbalances on foot dominance were observed in both sedentary and exercise-trained individuals (Ziyagil et al., 2010; McGrath et al., 2016; Brown et al., 2017) . These asymmetries can hinder sprinting speed or physical performance level leading to low mechanical efficiency (McGrath et al., 2016; Ziyagil, 2011; Singh, 1970) and may be a risk for injury risk (McGrath et al., 2016; Brown et al., 2017) . Similarly, Bassey and Harries (1991) hypothesized that handedness and strength asymmetry in both arms and legs may result in lower swimming performance in adolescent males (Bassey & Harries, 1991) . Coaches need the information about swimmers for talent identification and monitoring trainings. They should know the importance of hand grip strength symmetry in swimmers can result in better short distance swimming performance.
It can be concluded that bilateral footed athletes seem to have some innate neurologic superiority or mechanical advantage for acceleration in sprinting compared to unilateral footed athletes including right and left footers in males. Although similar trend was observed in females, differences in mean sprinting speed were not statistically significant due to small number of bilateral footed athletes in females. Finally, it may be considered that neither left brain hemisphere nor left brain hemisphere dominance is related to sprinting ability but bilateral foot dominance may contribute to better acceleration during 30 m sprint, creating equal propulsive force from right and left sides for fast linear displacement.
In conclusion, unilateral and bilateral foot dominance can be useful criteria in the selection of talented sprinters and in the planning and monitoring of sprint training.
Further research is required to assess the development of lateral asymmetries with large sample of athletes in order to investigate the influence of footedness on running speed in sprinting performance.
